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Abstract. Microalgae biomass has been established as a sustainable bio-product such as fish feed and 
supplement. However, the major challenge for recovering the biomass yield lies in the harvesting 
process. The recent direction is to use the natural coagulation as alternative techniques for the 
conventional methods. Therefore, the present study aimed to investigate the efficiency of Moringa 
oleifera in recovering Scenedesmus sp. biomass from wet market wastewater medium in comparison 
to Aluminium Sulphate (alum). The efficiency of alum and M.oleifera was tested with 10, 20, 30, 40 
and 50 mg/L of the dosage. The results revealed that M.oleifera exhibited high percentage recovery of 
Scenedesmus sp. than alum (97.5 vs. 95.4 %respectively). Moreover, the final pH of microalgae 
cultured wastewater after the harvesting with M.oleifera was 6.4, while decreased to 4.37 with alum. 
These findings indicated that the using M.oleifera the using natural coagulants are better than the 
chemical coagulants in terms of recovery efficiency and the characteristics of wastewater. Therefore, 
M.oleifera has the potential to be used as a natural coagulants alternative for alum. 
Introduction 
Wet market wastewater is a type of wastewater generated from wet market centres. These waters 
have high concentrations of nutrients, therefore, the discharge of these wastes might play an 
important role in the multiplication and distribution of infectious agents into the environment. On the 
other hand, the available high contents of the nutrients and growth factors increase the potential of 
these wastes as production medium from microalgae biomass due to the ability of microalgae to use 
the available nutrients as a source for their nutrition. Therefore, the microalgae in the process which 
called phycoremediation have dual role in the removal of nutrients and production of biomass. 
Nevertheless, the main challenges in the recovery of biomass yield lies in the harvesting methods [1]. 
The most common methods used for harvesting of biomass are the flocculation which depends on the 
utilization inorganic coagulants such as ferrous sulphate and Alum. These substances have several 
disadvantages such as toxic by-products and the negative effects on the characteristics of wastewater 
medium to become unsuitable to the disposal into the environment.  
The alternative coagulants aim to find natural coagulants with high efficiency and low effects [2]. 
Moringa oleifera is one of the natural coagulants which have been tested in the flocculation process 
of wastewater to reduction of main parameters of these wastes such as COD, BOD and TSS. 
M.oleifera has been shown to be the most promising natural coagulant for raw water treatment with 
the potential usage on a large scale without adopting expensive technology. In the harvesting of 
microalgae biomass, Abd. Hamid et al. [3] reported that M. oleifera exhibited 95% of the recovery 
efficiency of Chlorella sp. biomass from aquaculture wastewater within 20 min and 30mg/L. 
However, the using of M. oleifera for recovering Scenedesmus sp. from wet market wastewater has 
not reported before. The differences in the chemical composition of wet market wastewater compared 
to aquaculture wastewater as well as the differences in the characteristics of Chlorella sp. and 
Scenedesmus sp. might effect on the efficiency of M. oleifera. Hence, the efficiency of M. oleifera in 
  
 
recovering of Scenedesmus sp. from wet market wastewater need to be investigated and this is the 
focus of the present study and emphasise the novelty of the current work.  
Material and methods  
Microalgae Preparation and Cultivation. Scenedesmus sp. was obtained from the culture 
experiment at the Faculty of Science, Technology and Human Development, Universiti Tun Hussein 
Onn Malaysia (UTHM). The preparation of Scenedesmus sp. inoculum was performed according to 
Apandi et al. [4]. A transparent glass tank with 40L of capacity was fill-up with 20L of wet market 
wastewater was used as a production medium for Scenedesmus sp. biomass. The tank was inoculated 
with 10
6
 cell/mL of Scenedesmus sp. and provided with air pump (3.2L/min) to ensure the 
distribution of nutrients and increase the changes of gas (CO2 and O2) in the culture during growth 
process. The microalgae cultivation was placed under outdoor sunlight with a temperature around 
24-33°C. The microalgae were allowed to grow for 12 days prior to biomass recovery process.  
Flocculation Procedure. The coagulants used in this study included M.oleifera and Aluminium 
Sulphate (alum). M.oleifera seed were obtained from Batu Pahat, Johor, Malaysia. The seeds were 
grounded using laboratory mill and sieved through 600 um stainless steel sieve in the form of fine 
powders. Both of the coagulants were dissolved in 1000mL of distilled water with several of dosages 
(10, 20, 30, 40 and 50 mg/L) to evaluate the optimum recovering dosage. Each dosage stock solution 
was then added into5 beaker of 1L of Scenedesmus sp. cultured in wet market wastewater using Janke 
& Kunkel jar test apparatus. After adding the coagulant, the tested beaker sample was stirred 
vigorously at 150 rpm for 10 minutes and then reduced to 50 rpm for 20 minutes [5]. The biomass 
recovery efficiency (R%) was determined by based on the reduction in the turbidity concentrations 
(Eq.1). 
  
     
  
                  (1) 
where, Ti is the initial turbidity (NTU), Tf is the final turbidity (NTU). 
Result and Discussion 
Characteristic of Wet Market Wastewater. The characteristics of raw wet market wastewater 
which was used to grow Scenedesmus sp. And produce biomass are illustrated in Table 1. These 
results revealed that the wet market wastewater samples have BOD between 647 and 709 mg/L and 
COD between 512 and 566 mg/L, which were exceeded to Standard A and Standard B set up by 
environmental guidelines of EQA1974 for the disposal process. Similar findings were also reported 
by Chen et al. (2000) [6] and Hena et al. (2015) [7] who revealed that the wet market wastewater 
contained high concentrations of BOD and COD. On the other hand, the high concentration of 
organic matter in these wastes might contribute to the high production of the microalgae biomass. 
Therefore, in this study the wet market wastewater have used as a growth medium for generation of 
biomass as well as reduction the main parameters of these wastes before the final disposal into the 
environment.  
The efficiency of M. oleifera and alum in the recovery of Scenedesmus sp. biomass from wet 
market wastewater is presented in Table 2. It can be noted that both coagulants can work well and 
have remarkable efficiency to recover microalgae biomass within a short period of time. The recovery 
percentage increased parallel with the increasing of the dosage concentrations of alum, the maximum 
recovery was recorded at 50 mg/L (94.87%). In contrast, the utilization of M. oleifera achieved the 
highest recovery percentage with low dosage concentration of 10 mg/L (96.52%). These findings 
indicate that M. oleifera exhibited high efficiency than alum in the harvesting of Scenedesmus sp. 
biomass. Similar findings were also reported by Abd. Hamid et al. [3] for recovering of Chlorella sp. 
biomass from aquaculture wastewater. Moreover, M. oleifera exhibited high efficiency for harvesting 
of Scenedesmus sp. comparted to Chlorella sp. (96.52 vs. 95%), in short time (10 vs. 20 min) and with 
low concentrations (10 vs. 30 mg/L).   
  
 
 
Table 1. Parameters of wet market wastewater investigated in the current study in comparison with 
previous studies. 
Parameter 
Raw Wet Market 
Wastewater 
Previous Studies 
Effluent 
Standard B by 
Environmental 
Quality Act 1974. 
(For irrigation) 
Present study 
Chen et 
al.(2000) 
[6] 
Hena et 
al. (2015) 
[7] 
pH 7.49-7.52 
6.82 – 
8.76 
6.46 – 
8.01 
6 – 9 
Turbidity (NTU) 69.7-126.5 n.a. n.a. < 10 
Dissolved Oxygen, DO 
(mg/L) 
6.68-6.82 n.a. n.a >14 
Biochemical Oxygen 
Demand, BOD (mg/L) 
647-709 
545 – 
1630 
500 – 540 <50 
Chemical Oxygen Demand, 
COD (mg/L) 
512-566 
900 – 
3250 
989 – 
1100 
<100 
Total Suspended Solid 
(mg/L) 
87-104 
124 - 
1320 
156 – 213 <100 
Note: na = not available 
Table 2. Recovery efficiency percentage of Scenedesmus sp. biomass from wet market wastewater by 
using Alum and M. Oleifera. 
Coagulant dosage (mg/L) 10 20 30 40 50 
Alum 
Turbidity (NTU) 6.75 5.30 5.06 4.39 1.37 
Recovery Efficiency 
(%) 
74.72 80.15 81.05 83.56 94.87 
M. oleifera 
Turbidity (NTU) 1.28 1.01 1.82 1.61 1.59 
Recovery Efficiency 
(%) 
96.52 97.26 95.03 95.53 95.53 
  
The pH was measured after the flocculation process. pH values of the wastewater was recorded for 
each dosage concentrations (Fig. 1). It was found that the utilization of alum associated with 
decreasing of pH value from pH 6.8 at 10 mg/L to pH 4.37 at 50 mg/L, this value is less than that 
recommended by EQA1974 for disposal process. In contrast, the lowest pH value of the wet market 
wastewater after the flocculation with M. Oleifera was 6.39 which is within the range required for the 
disposal process. These results confirm the validity of M. oleifera as an alternative coagulant for the 
chemical coagulants.  
 
  
 
 
Fig. 1 pH values of wet market wastewater after the flocculation process using Alum and M. oleifera. 
Conclusion 
It can be concluded that M. oleifera was more potential for harvesting of Scenedesmus sp. biomass 
from wet market wastewater than alum. Moreover, the characteristics of the wastewater in term of 
turbidity and pH values were within the range recommended by EQA 1974 with M. oleifera, which 
indicate that the using natural coagulants are more effective in the recovering the biomass and 
meeting the standards limits required for the wastewater than the chemical coagulants.  
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